It is becoming clear that nervous system development and adult functioning are highly coupled with other physiological systems. Accordingly, neurological and psychiatric disorders are increasingly being associated with a range of systemic comorbidities including, most prominently, impairments in immunological and bioenergetic parameters as well as in the gut microbiome. Here, we discuss various aspects of the dynamic crosstalk between these systems that underlies nervous system development, homeostasis, and plasticity. We believe a better definition of this underappreciated systems physiology will yield important insights into how nervous system diseases with systemic comorbidities arise and potentially identify novel diagnostic and therapeutic strategies.
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Why focus on systems physiology? Long-standing clinical observations and recent epidemiological and scientific studies suggest that many diseases classically thought to be nervous system-specific disorders actually have more complex phenotypes, including manifestations in other physiological systems and at brainsystemic interfaces (Box 1), profound in some cases and more subtle in others. Most, if not all, major neurological and psychiatric disorders display immunological abnormalities such as high levels of inflammation and aberrant profiles of innate and adaptive immune system activity [1, 2] . Many nervous system disorders also exhibit failure to maintain energy homeostasis, occurring not only at cellular and subcellular levels (i.e., mitochondrial dysfunction) but also in select brain regions and at an organismal level with overt signs of metabolic deregulation (i.e., alterations in body weight and composition and in glucose, amino acid, and lipid homeostasis) [3] [4] [5] . A spectrum of other, less wellcharacterized impairments in additional organ systems are also emerging as features of disorders classically considered nervous system specific. These include, as one exceptionally interesting example, manifestations vis-à -vis the gut microbiome (see Glossary) that are likely to be as pervasive and important as -and intimately linked to -immunological and bioenergetic abnormalities [6] [7] [8] . Considering the significance of these observations calls for taking a whole-organism or 'systems'-level view.
The tools and techniques of systems biology (e.g., network analysis, nonlinear dynamics, control theory, and computational modeling) have been employed widely in
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Glossary Enterotypes: variants of gut microbial communities that, in humans, are largely dominated by Fermicutes, Bacteroides, Prevotella, or Ruminococcus. Their composition is thought to influence disease pathogenesis and be subject to modification by longer-term dietary interventions. Ghrelin: gut-derived orexigenic hormone. Gut microbiome: complex ecosystem arising from the symbiotic relationship between the commensal intestinal microbial community and the host. Immune surveillance: process by which the host immune system deploys innate and adaptive immune cell types, effector molecules, and related signaling pathways to protect from pathology. Leptin: adipocyte-derived anorexigenic hormone. Network medicine: non-reductionistic paradigm for understanding how complex human diseases arise from the disruption of molecular and cellular network topologies and dynamics; relevant for identifying novel disease mechanisms, biomarkers, and therapeutic targets. Stem cell niches: highly specialized microenvironments found in the developing and adult brain (and in other organ systems) responsible for the maintenance, activation, and differentiation of tissue-specific stem and progenitor cell subtypes.
